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A Message from the President of M.I.T. 


The Editors have kindly invited me to write a few lines by 
way of foreword to this first issue of a new review from the School 
of Industrial Management. I do so gladly and shall begin by com- 
mending them upon their own foresight and initiative in founding this 
periodical. Itisthroughtheir labor and planning that The Industrial 
Management Review now makesits first appearance. I believe that 
it will serve a mostuseful purpose in strengthening the ties between 
the School and its Alumni. To everyone interested in the advance- 
ment of education for management, it should offer, moreover, a 
helpful source of information on progress in teaching and research 
in management at M.I.T. And since, finally, the inherent merit of 
the project is also strongly enhanced by a growing vigor in the spirit 
of the School and a widening of its entire field of interest, we may 
confidently hope that this fledgling will enjoy a long and flourishing 
life. 


One must look back over many years to find the roots of our 
present School of Industrial Management. The first steps, indeed, 
were taken by Francis Amasa Walker, who became the third presi- 
dent of the Institute in 1881. General Walker, one of the great 
builders of M.I.T., wasan outstanding figure among the economists 
and political scientists of his time, and his understanding of the 
processes of American industrial development notably influenced 
his views on the education of engineers. There began to appear in 
our curriculum during his regime an increasing number of subjects 
devoted to industrial and political history, totaxation, law and bank- 
ing, and to the principles of industrial development. 


Then in 1914 Professor Davis R. Dewey incorporated these 
studies into a new curriculum directed towards engineering admin- 
istration. This was the origin of our Course XV. It is significant 
that from the very beginning the central theme of this whole devel- 
opment at M.I.T. has been the interplay between science and engin- 
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eering onthe one hand and the processes of administration and man- 
agement on the other. 


In the intervening years we have witnessed a stupendous growth 
inthe complexity as wellas the magnitude of the problems that con- 
front business, industry, and government. The comment has fre- 
quently been made that the genius of the American people is most 
clearly expressed through a mastery of technology and an extraor- 
dinary capacity for organization. Yet atthe moment there are some 
signs that our power to devise and create great technological sys- 
tems may have outstripped our capacity for management. Be that 
as it may, it is manifestly clear that engineering and management 
must be more and more tightly interwoven into the single fabric of 
our economic and political system. Neither the engineer nor the 
manager can proceed in isolation from the other, or in ignorance of 
the basic laws of physical and social science that are shaping the 
development of modern society. 


These are conditions that offer an unparalleled opportunity for 
M.I.T. There is, infact, an obligation upon us because the national 
need for engineering management is so great. M.I.T. is evolving 
rapidly into a university ofaform in harmony with the conditions of 
our epoch. Our mission is sharply and clearly defined. It begins 
with teaching and researchinthe most significant fields of pure sci- 
ence. We are then concerned with the useful application of science 
throughthe several branches ofengineering. Andfinally our domain 
has expanded to embrace those fields wherein science and engineering 
bear most directly upon society and human affairs. Our approach 
to every problem is influenced by a sense of the quantitative, the 
analytic, the mathematical. For our full flowering as a great insti- 
tution, we must also continue to cultivate with care and imagination 
the blending of art with science, as we find them expressed in the 
unity of architecture, in much of engineering, in economics and po- 
litical science, in industrial relations, and in the whole of manage- 
ment. 


In such a setting a School of Industrial Management finds its 
natural place. It belongs here, it is part of our plan, it draws sub- 
stance from all the resources of the Institute, and it can count on 
our unqualified support. 


It is with these thoughts of commitment and expectation that 
I send my greetings and good wishes to the Students, the Faculty, 
and the Alumni of the School of Industrial Management. 


J. A. Stratton 


January 4, 1960 
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A Message from the Dean of the 
School of Industrial Management 


t The Industrial Management Review makesits appearance at a 
most propitious time, andthe faculty of the School joins me in wish- 
ing for ita useful andimportant life. The time is right for two rea- 
sons. First, the need exists. It is hardly coincidental that the Re- 

_ view helps to usher in the sixties - a decade that promises critical 
challenge and responsibility in the field of management. M.I.T. has 
always seen itselfas dealing with the frontiers ofthe world of thought 
and action. This has been true of the sciences, the basic core of 
M.I.T. academics, and it has also been true of engineering. It is 
true in the social sciences and in management, the obvious exten- 
sions of M.I.T.'s interest in the way the world works and its men 
live. In this frontier sense, the concern of all of us has been in 
change - rapidly accelerating change in technologies, in environ- 
ments, andinvalues - andthe way in which we can deal with change. 


The sixties will see far reaching changes in the management 
field inthe use ofnew methodologies and new analyses for the solu- 
tion of business problems; inthe environment in which business must 
operate; in the tastes and needs of every market; and, indeed, in 
our understanding of the role and purpose of organizationitself. In 
each of these areas, the School of Industrial Management has con- 
cern andcompetence. The Review can serve as an activelink, dur- 
ing a critically restless time, between the alumni of the School on 

] one hand and its students and faculty on the other by reviewing the 
progress in research and learning in the management field. 


The timing of the Review's appearance is right for a second 
reason. We have the resources to produce a high-quality review. 
The School was founded less than ten years ago by a grant from the 
Alfred P. Sloan Foundation. But interest inmanagement's problems 
has a much longer significant history at M.I.T. Atthe present time, 
we have a vigorous and forward-looking alumni group; editors who 
representa graduate student body that is regarded as cone ofthe most 


select inthe country; and a faculty that is ever expanding and inten- 
sifying its interest in critical problems facing management. The 
M.I.T. environment is an appropriate one in a world in which tech- 
nology and management must learnto mesh more effectively. In all, 
the new Review should flourish here. 


New journals are being born, the librarians tell us, ata re- 
markably rapidrate. The half-life of many of them is not impressive. 
Largely, I would guess, the reasons for failure reflect an unsure 
purpose, an uncertain quality, and anelusive market. Our new Re- 
view appears in a much more favorable situation. We all expect 
much of it and promise its editors our warm and continuing support. 


On the occasion of its inaugural issue, I join with the faculty 
in salutingthe alumniandthe students. I share with them great ex - 
pectations for the future of The Industrial Management Review. 


Howard W. Johnson 
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Editorial . . . 


.. . toward a close and lasting relationship 


This is the first, opportunity for most of us enrolled in the 
Master's Program at S.I.M. to contact graduates and friends of the 
school, and we do so now in the hope that this new publication will 
provide the foundation for a close and lasting relationship in the fu- 
ture. Often we have thought that the gap between those in the world 
of affairs and those in the academic world is wider than it need be, 
and itis our intention hereto attempt to narrow those boundaries by 
publishing essays of general interest to the field of management as 
well as articles more specifically concerned with the school itself. 
Since this is to be a journal by and for all who have been associated 
with S.I.M., we heartily welcome any comments or recommenda- 
tions. 


It has frequently been suggested tous as studentsthat, although 
many of the methods and theories taught at S.I.M. are valid when 
confined to an academic environment, ''things will be different in the 
real world." Such criticism has traditionally been leveled at pro- 
fessional graduate schools by those who have left the classroom. 
But in the case of S.I.M. we feel that a large and unnecessary part 
of ithas been caused by simple misunderstanding or lack of knowl- 
edge of the course structure and class procedure followed at the 
school. 
From our viewpoint this criticism provides a stimulating chal- 
lenge. We defend the basic premise upon which the curriculum at 
S.I.M. is founded, namely, that all available academic approaches 
tothe process of managerial decision making be studied and evalu- 
ated. Thusthe S.I.M. program includes not only a study of theoret- 
ical techniques of analysis (for whichthe school is most renowned), 
but also subject matter in the social sciences and in specific analyses 
of practical problem situations. It is this total approach, so highly 
touted by the school itself, which we feel to be both realistic and im- 
portant. 


Some of us came to this school in the belief that much of the 
uncertainty surrounding business decisions could be eliminated, re- 
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duced, or at least conceptualized in a positive, formal manner. 
Others of us arrived who knew little if anything about the world of 
industry and finance, but who felt that such knowledge was essential 
to success in an industrial society. In the course of our experience 
here much of what we hoped for has come to pass. We have been ex- 
posed to the typical structure of industrial organizations, have stud- 
ied in the areas of production, marketing, labor relations, and fi- 
nance, and have acquired what is presumed to be auseful under stand- 
ing of those subjects. But of far greater importance has been the 
opportunity afforded us to investigate throughout these fields new 
principles which are simultaneously more fundamental and general, 
concepts which as yet are seldom considered by today's industrial 
organizations. 


Involved are questions concerning maxima and minima, real 
objectives, real causes, and the means of discovering or attaining 
them. The problem is not how to do it, but how to determine what 
are the alternatives and which of them is best. These are exciting 
questions, exciting because, althoughthere maybe no exact answers 
now, the possibility exists that there willbe. They are exciting, too, 
because in many casesthe solutions are as likely to derive from the 
past as from the future, often from a combination of disciplines pre- 
viously considered sacrosanct. Finally, they are exciting because 
they may help to produce clearer understanding and perhaps even a 
better world. 


It is heartening to learn that this outlook is not going unnoticed. 
A recent article in Fortune Magazine complimented S.I.M. for its 
sound aims in programs instituted at the school. The Ford Founda- 
tion Report on Higher Education for Business notes that S.I.M. (and 
Carnegie Tech) "stress analysis and the search for principles con- 
siderably more than (other graduate schools of business administra- 
tion)."' The report neither approves nor disapproves the program, 
but the optimum curriculum suggested by its authors closely paral- 
lels our own. 


Of more practical importance to us as future participants in 
management is the fact that increased knowledge of the school is 
being disseminated to industry throughout the country and is being 
favorably received. Evidence of this comes from the many men in 
industry with whom we have talked who are acquainted withthe pro- 
gram at S.LM. We feel certain that as industrial technology advances 
and as investigation into the process of decision making continues, 
S.I.M. will remain in the foreground. 


Ultimately the burden of proof lies with those who have accepted 
the S.I.M. approach and are willing to work with and for it. AS mem- 
bers ofthe graduate student body, we feel that this is a responsibility 
we are fortunate to have and honored to undertake. 
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Ways of Learning 


by BILLY E. GoETZ, Professor of Industrial Management 


Purpose of Paper 

4 As ateacher of industrial management, I have been asked what 
I thought ofthe case method of teaching and of analysis of business 
problems so often that I have decided to write out my answer. 


To me, learning and teaching are complicated matters embrac- 
ing alarge variety of techniques. Since the most important thing to 
learn is how to learn, the learner should seek proficiency in as many 
approaches to learning as possible. It is a little like playing golf -- 
an expert can do amazing things with just one club. But he doesn't 
enter a major tournament using just one club. The champion is good 
with every clubinthe bag, each used in its appropriate place. Sim- 
ilarly, an expert user of the case method can do amazing things with 
it but the expert learner, teacher, or business analyst is proficient 
in many techniques and uses each where it produces better results. 


Having said so much, people ask me, "Well, what are the other 
ways and to what tasks is each best suited? What are the other clubs 
in the bag?" I don't know what they all are, and different teachers 
would classify and name learning techniques differently, but I will 
list and discuss a few. 


Learning is Active, not Passive 
Learners are not sponges soaking up the words of wisdom 
poured over them by their teachers. Nor are they blank paper on 


y which he can write his profoundest thoughts. The more involved the 
student becomes, the more he is likely to learn -- although, of 
course, he may learn many things that don't happen to be true. Psy- 

? chological involvement is fine for motivation but does tend to de- 


stroy objectivity and judgment. Since passive learning doesn't work, 
I shall plump for active learning in spite of its perils. 


Now, the case system of teaching or of learning, which is 
where we began, is much more active than reading or listening, at 
least most of the time. Whatever else it does, it does seem to mo- 
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tivate students. There are extraordinary writers and lecturers who 
can getreaders and listeners so fascinated, so identified with char - 
acters or situations that they become excited, motivated, actively 
responding. Also, there are other ways of learning where involve- 
ment is much higher than in the case method, and learning is faster 
and more profoundly effective. 


The following "ways of learning" are in a sequence which I be- 
lieve roughly corresponds to from most passive to most active -- 
although there is certain to be much overlap and special circum- 
stances may produce sporadic reversals of parts of the sequence. 
1. Reading 

Sometimes reading is so passive that the reader falls asleep! 
It has, however, certain advantages over most other techniques. If 
the developing thread is lost, areader can turn back a few pages and 
recapture it. If the reader forgets a step in a logical development, 
he can rereadit. He can store his books and periodicals and review 
whenever and as often as he wishes. Most of the knowledge and much 
of the inspiration of the world eventually find their way into books 
and are reasonably effectively transmitted to future generations. 
Scholars can pick them over, refine them, label the dross, and fin- 
ally the effective reader can protect himself rather well from learn- 
ing things that aren't so. The unskilled reader, of course, is at the 
mercy of the writing liar. 


A learner can improve his effectiveness with the reading tool 
by making his reading more active. First, if he reads with a pur- 
pose (the more specific the more effective), he will find what he 
wants quicker and retain it better. Next, he should be critical. He 
should ask, 'What does the writer mean? Is it so? How important 
is it? How does it tie in with all that I already know?" He should 
make notes. That is what the margins are for. He should not make 
notes in books that don't belong to him -- the owner may want that 
space for his own queries and reactions. He should write letters to 
the author seeking further information, disagreeing, thanking the 
writer. Ifafter a few days have passed he can read his letter with- 
out wincing, he could even mail it to the author and see what happens. 


And he should keep a file so he can find the ideas he has pried 
from his reading again, so he can compare one source with another, 
so he can sensibly follow an extended correspondence started by one 
of his letters to the author. 


2. Listening 

Listening has its advantages too although many speakers have 
soporific effects upon their audiences. The listener can ask ques- 
tions now and get immediate replies which is much more satisfac- 
tory than writing letters and waiting for answers. Also oral com- 
munication adds tone, pitch, gestures to the word. Often it's not 
what is said but how it is said which conveys the intended message. 
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Again, listening can be made more active. The listener can 
think about what is being said. What is the evidence upon which the 
speaker restshiscase? Does it square with everything else the lis- 
tener believes he knows? How biased is the speaker? What is the 
source of bias and how does it warp the presentation? And the lis- 
tener should ask questions -- notmerelyto hear his own voice, but 
to clarify or amplify that which remains unclear to him. 


After all, until recently most of the world's great scholars re- 
ceived almost all of their formal educations through lectures and 
books. 

3. Audio-Visual Techniques 

These are closely related to casita and listening, but — 
advantages of their own. A picture is said to be worth a thousand 
words. Of course, it doesn't follow that a thousand pictures are as 
effective asamillion words. The learner should learn to use all his 
clubs and not become too dependent upon any single one. 


A lecturer draws crude diagrams on the blackboard. He fum- 
bles through semi-organized demonstrations with makeshift equip- 
ment. A talking movie is repeated many times and so justifies much 
more preparatory time per hour of presentation. Blackboard dia- 
grams can be works ofart with really straight lines and round cir- 
cles. They caneven be animated! The best of equipment can be used 
andthe demonstration practiced until it is well-nigh perfect. Should 
a slipoccur, it canbe refilmed until itis precisely the way the dem- 
onstrator wants it. The movie lecturer canrefer to woods and moun- 
tains, rivers and seas, andthe cameracan bring them to the screen. 
Or audiences can get a better look at industrial processes or surgi- 
cal operations than they could if present at one. 


By and large, the grammar and high schools -- and the adver- 
tising man and industrial training experts -- have done some re- 
markably effective work with audio-visual. Ultimately this tool may 
come into its own in the colleges! 

4. Dramatic Presentations 

Good actors can hold audiences spellbound. Ihave seen a train- 
er of foremen drive safety lessons home with a little skit enacted 
by himself playing the role of a foreman teaching safety to a worker 
played by his wife. No one else would take the abuse I'm sure! He 
did everything wrong, and then made the foremen straighten it all 
out. His skit was screamingly funny, but it had a sharp tooth and its 
lessons went home. 


5. Role Playing 


Drama has a script. The actors speak their set parts. Role 
playing is different. Each participant is given the background of an 
incident as known by his prototype. Then each plays his role extem- 
poraneously, followed by a discussion to analyze what came forth. 
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One may be asked, ''Why did you say that?" And after his answer, 
another is asked, ''Did it have the effect intended? What was your 
reaction? Do you really feel like doing what the man wants?" 


Active involvement and motivation are great and the lessons 
learned really sink in. The method can be bungled by a careless 
teacher, but it is probably less exposed to this hazard than any of 
the preceding. Role playing is most effective when the learners are 
competent in their roles. 


6. Problem Solving 

Problems have one or a few right answers and are much used 
in teaching mathematics, physics, and chemistry. Cases tend not 
to have "right'"' answers. Instead each student or each student team 
prepares and defends his answer andcarries from the ensuing dis- 
cussion any answer he winds up believing. Many managerial situa- 
tions do get different answers from different competent managers, 
and since only one solution is actually tried, it may be quite impos- 
sible ever to tell whether it was the "best" one or not. But some 
managerial decisions can be approached by calculation, and a wrong 
answer does get found out; and this students should also learn. 
Budgets must hang together or they convince no one. The event 
must approximate the budget, or the next budget, be it ever so pre- 
cisely balanced, willnot convincea lender. Costs of rival process- 
es, sources, distribution routes, production schedules can be cal- 
culated and improved answers found. And these results do not come 
solely from groups talking their way to agreement. 

7. The Case Method (s) 

There are almost as many "case methods" as there are users 
of the method. Partly "case method'"' seems to be a hurrah word 
used to gain acceptability by wriggling under the Harvard umbrella. 
Often advocates do not practice what they preach -- since some 
preach a nondirective discussion-leading approach while using ques- 
tions tochannel the discussion and to force predetermined answers 
as rigidly as any lecture. Perhaps its most effective use is to stir 
interest and frustrate students to the point of reaping maximum bene- 
fits from a concluding analysis or "lecturette'' by the teacher -- at 
least I have seen an expert (from Harvard, of course) do this very 
effectively. 


Pigors' incident variation meets one telling criticism -- that 
the data given are forced on the student. There is no chance to fail 
to get certain facts. Pigors triggers a discussion with an incident 
and data come forth only as dragged out by student questioning. How- 
ever, it stays in words (or numbers) and students cannot see the dust 
of poor housekeeping or hear the tone in which words are said. While 
managers always make decisions onthe basis of less than complete 
knowledge of a problem situation, they can and do get more data when 
they feeltime, expense, and value justify doing so. And while man- 
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agers do face deadlines and are forced to make decisions sooner than 
they find comfortable, forcing students to make decisions on the basis 
oftwo days' study where managers would put a team of investigators 
at work for months does not seem good education to me. 


8. Discussion 

Socrates didn't use case, nor lectures. He teased his students 
into learning via discussion inspired by Socrates' endless questions. 
A case may provide a cause for discussion, but it is not the only, nor 
always the best, discussion stimulant. A proposed experiment or 
field study or course of action can serve as a basis for discussion, 
often with more involvement and more learning than any case can 
produce. After all, here oneor more students are actually propos- 
ing to do something. It isn't going to be all over when the talking 
ends. The talk is merely preparatory to real action which the stu- 
dent hopes will produce a desired result. 


The best learning occurs when discussion takes place among 
experts, each of whom can make a realcontribution. The leasi and 
worst learning occurs when a discussion is merely a mutual exchange 
of ignorance -- and too many nondirected case method discussions 
can accurately be so described. 


9. Experience 

Some people learn from experience. Some don't. For those 
that do, the method is effective but expensive. It is slow and uncer- 
tain because of the tendency to overgeneralize on the basis of too 
small and too specific an experience; e.g., all workers are as- 
sumed to react the same as six young Polish girls. Moreover, one's 
own experiences tend to be so vivid as to outweigh all the experiences 
reported by all others -- "I saw it with my own eyes!". With all 
these disadvantages, nevertheless, personal experience is an active 
way of learning, and the lessons are likely to be branded into one's 
soul. 


10. Trial and Error 

This rates higher than "Experience" because it is experience 
plus. In trial and error, one sets out to learn by experience. He 
deliberately invokes experience to get answers to problems. He 
puts the question by actual trial. This increases the probability of 
learning as against that of learning by accidentally having experi- 
ences which bear on one's problems. Moreover, if the first trial 
doesn't lead to an experience which solves the problem, the learner 
tries and tries again. Watch a baby learning to walk or talk! 


The disadvantages of trial and error are expense and uncer- 
tainty of getting results and of getting the correct interpretation of 
results. No controls are established. One innovates and is happy or 
unhappy with the outcome. 


11. Observation 

Here isthe method ofthe astronomer, and of most biologists, 
geologists, historians, sociologists, economists. Of course obser - 
vation can be casual and misleading, e.g., attendance at a magi- 
cian's performance. But a skilled learner can make use of observa- 
tionaland statistical techniques to establish correlations and to test 
significance levels. The chi-square, the Student t, the F test for 
analysis of variance, the correlation coefficient are all techniques 
for sharpening and quantifying observation. The disadvantages are 
the need for acquiring suitable skills, a feat which requires a con- 
siderable outlay of time, effort, and money. 


12. Experiment 

Observation is as scientific as one can get when the phenomena 
observed cannot be manipulated and physically controlled. So scien- 
tists in the fieldsnamed, plus some others, work out statistical con- 
trols instead. 


Experimentation involves designing a pattern of manipulation 
to reveal relationships, followed by manipulation according to pat- 
tern, observation, and measurement of inputs and outputs, and cal- 
culation to determine the precise relationships discovered and to in- 
dicate the degree of confidence in these results. 


It is exacting and expensive, but it is the most effective and 
reliable way yet discovered for learning new things -- things that 
nobody knows before the experiment is performed. It is also a very 
effective way of learning things others have learned before -- it is 
easier, quicker, andcheaper to repeat an experiment than to design 
a new one. 


13. Teaching 

"The best way to learn anything is to teach it.'' When your 
back is against the blackboard and the questions are popping, you 
discover the holes in what you think you know. Also, on fortunate 
occasions you discover you can drag up answers to questions you 
didn't know you knew about! 


All ways ofteaching -- lecture, writing, leading discussions, 
supervising laboratory experiments (one for each way of learning?) -- 
are good ways of learning. 


Conclusion 

The biggest job, the primary goal, of alearner is to learn how 
tolearn. To rate wellas alearner, one should be reasonably skill- 
ful in each of many ways of learning. While learning how to learn, 
an intelligent learner will deliberately use the ways in which heis 
least skilled in order to build up his power. When confronted with a 
problem to solve, a specific tolearn, he may, after he has developed 
his learning skill, select that way or those ways of learning best 
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adapted to the subject and situation. Usually he will gain by using 
several or many or all ways of learning, since a multipronged at- 
tack will usually lead to a better rounded comprehension of whatever 
is to be learned with all of its ramifications. 
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Progress Reports 


Social Psychology — The Influence of the Business Enterprise on the Attitudes and 
Values of the Manager 


Introduction 

A study has been undertaken of the nature of the influence 
process inthe business enterpriseto determine: 1) whether individ- 
uals entering the enterprise change as they become integrated into 
it; 2) whether such changes are in the direction of the "culture" of 
the organization; and 3) what is the process by which this change 
occurs? My planisto study these questions by setting up a long-run 
follow-up study of graduate students inthe School of Industrial Man- 
agement. While they are at the School they would be assessed in 
terms of variables which are assumedto be crucial for studying in- 
fluence in the organization, i.e. certain of their beliefs, attitudes, 
and values; after graduation they would be reassessed at one, two, 
or three year intervals to determine changes in beliefs, attitudes, 
and values. Concurrently, it is hoped, it would be possible to study 
the company "culture'’ of those companies to which the students in 
our research sample chose to go, thus making possible some esti- 
mate of whether changes in the individuals represent influence to- 
ward company beliefs, attitudes, and values, or not. As contact 
with the organizations in the project grows, more intensive studies 
would be undertaken to determine the manner in which a given or- 
ganization exerts influence on the individual and the consequences 
of such influence for the individual and the organization. 


Progress to Date 

Our approach to studying the influence of the business organ- 
ization on the individual manager, or his "acculturation" to the en- 
terprise, hasthusfar been a multi-faceted one involving the follow- 
ing separate projects: 

1) A study of the induction procedures used by companies for 
new managerial personnel. It has been my assumption that much of 
the influence and mutual accommodation which occurs between the in- 
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dividual and the organization occurs when he first enters it. Con- 
sequently we have undertaken a detailed investigation of the manner 
in which organizations make contact with, hire, and introduce the 
new manager to his job. Our data come from two sources: a) in- 
tensive interviews of recent graduates of our school, and b) letters 
to personnel directors of large companies asking for detailed de- 
scriptions of their induction procedures. Each of these sources is 
proving fertile for obtaining data. Our emphasis is on determining 
whom the new man meets, how much time he spends with people of 
different rank, how he "learns the ropes," who become the influen- 
tial people in his new environment, etc. The role of training and 
indoctrination programs is of particular significance and we plan to 
visit companies which have clearcut programs for new people. 

2) A study of attitudes toward company influence. One of our 
main interests isto determine what kind of influence people consider 
to be legitimate and what kind they consider not to be legitimate. It 
istaken for granted that the movement of an individual into any group 
requires some accommodation on the part of the individual to the 
group. The important question is, what are the limits beyond which 
it is perceived that the group's attempts to influence are no longer 
legitimate and constitute an "invasion of privacy''? An attitude sur- 
vey was constructed to determine these limits and will be pre-tested 
on the first-year class in Social Psychology, the Sloan Fellows, and 
the spring class of Senior Executives. 

3) A survey ofgraduate student attitudes as a basis for longi- 
tudinal study. A great deal of our effort this fall has gone into the 
collection of attitude items and tests to be used in assessing our first- 
year graduate students for the purpose of obtaining base line data on 
them. It is hoped that we can construct a reliable and valid instru- 
ment which will give us a good indication of the current beliefs, at- 
titudes, and values ofthis group prior to their intensive exposure to 
the business world. The core of our study will then be the selection 
of a panel of these students who will be invited to return for reas- 
sessment at appropriate times in the future. 

4) Research seminar on influence. A research seminar on 
"influence" has been coordinated with the research project. The 
seminar was oriented toward presenting our basic thinking and then 
having students find projects in the general area of company influ- 
ence. Insofar asthe projectis stillinthe stage of formulation, sug- 
gestions and criticisms would be helpful to me, particularly in the 
area of measuring company "'culture." 


Edgar H. Schein 


17 


Industrial Dynamics — A Definition of Industrial Dynamics and a Review of Cur- 
rent Thesis Projects in the Field 


Industrial dynamics is a quantitative method of analysis devel- 
oped to predict effects caused by changes of organization or policy 
by a business firm. A dynamic model can be created which illus- 
trates the effects of organizational structure, policy and delays (in 
decisions and actions) on stability, andon competitive relationships 
and growth. All functional areas of management, although conven- 
tionally analyzed independently, are represented in the model by 
time varying flows of information, orders, material, capital equip- 
ment, money and manpower. 


The present research is directed toward the application of 
theory to existing industry situations. Models of certain aspects of 
the electronics and electrical equipment industries are now being 
developed by the Industrial Dynamics Group. Theses in process or 
recently completed include the following areas of analysis. 


1. Capital equipment in the electric power industry. 


2. Production and inventories in the rayon & acetate 
sector of the textile industry. 


3. Design lead time vs. market penetration in the 
automobile industry. 


4. Dynamics of international copper price and supply. 


5. Price propagation in an industrial system. 


J. W. Forrester 


Finance — The Commission on Money and Credit: Its Research Objectives and 
Its Relationship with M.I.T. 


Recent years have seen a great deal of comment in academic 
circles, in the world of finance, and in the government to the effect 
that acomprehensive review of the financial system is sorely needed. 
This type of study was last done by the Aldrich Commission before 
the first World War; its report resulted in the creation of the Fed- 
eral Reserve System. However, since thattime our financial system 
has grown larger and more complicated and has taken on a somewhat 
different character. These changes have given rise to repeated pleas 


1Two articles by Professor Forrester, appearing in the Harvard 
Business Review (July-August 1958, March-April 1959) provide an 
introduction to the industrial dynamics technique. 


18 


: 
aia 
= 
+ 
i 
: 


for an over-all evaluation. In response to this demand a private study 
group, financed by agrant fromthe Ford Foundation, has been formed 
under the title of Commission on Money and Credit. 


The end result of the Commission's study will be a report con- 
taining recommendations concerning monetary and financial institu- 
tions and their powers, with a view toward promoting more effec- 
tively the major objectives of national policy. These objectives, as 
interpreted by the Commission, include balanced economic growth, 
sustained high employment and production, andthe prevention of un- 
desirable effects generated by cumulative general price movements. 


The School of Industrial Management and the Department of 
Economics at M.I.T. are making key contributions to the Commis- 
sion's report. Eli Shapiro, Professor of Finance at S.I.M. is Dep- 
uty Research Director and Professor Paul Samuelson of the Econom- 
ics Department is serving on the Advisory Board. Papers will be 
contributed by Professors Andrews and Cootner ofthe S.I.M. finance 
staff and Professors Solow, Brown and Ando of the Department of 
Economics. 


These papers are now inthe early stages ofdevelopment. It is 
hoped that significant findings in the areas of study can be presented 
in subsequent issues of the Industrial Management Review. 


Victor L. Andrews 
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Airport Traffic Simulation 
by LEON EPHROSS, S.M. ’59 


A Monte Carlo Simulation of Air Traffic Flow into Logan 
Airport by Leon Ephross (School of Industrial Management, 1959) 
has been selected by the faculty as one of the four most outstanding 
Master's Theses submitted in 1959. 


INTRODUCTION 


The Federal Airways System is a complex but carefully con- 
trolled network. Each flight is predetermined in fine detail, and the 
airplanes are guided to their destinations by a variety of radio and 
radar techniques. As a result ofthe high speeds of travel, however, 
slight variations in flying conditions (such as wind or visibility) can 
produce significant deviations from scheduled arrival times at the 
terminals of the system. In regions of high traffic density (such as 
Boston, New York, and Chicago) these deviations frequently result 
in situations in which more planes appear on the scene than can be 
immediately accommodated. This congestion problem creates a real 
need for devising methods which can cope with the flow of traffic in 
an orderly manner. 


Traditionally the only method for evaluating a proposed sys- 
tem was to construct the facility and test its performance with ac- 
tualtraffic. In addition to being very costly, this method permitted 
the evaluation of only a few alternative solutions and in no way guar- 
anteed optimization. 


The Monte Carlo method, one of the techniques of operations 
research, provides away out ofthis dilemma. Although a high speed 
computer must be used to implement the Monte Carlotechnique, pro- 
posed terminal systems can now be evaluated quickly and easily. 


The Ephross thesis has evaluated the present terminal system 
of Logan Airport by means ofthe Monte Carlomethod. The real sig- 
nificance ofthis thesis, however, lies inthe demonstration of a pow- 
erful technique for the evaluation of any proposed system. 
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DESCRIPTION OF SYSTEM 


In order to cope with the problem of traffic congestion, most 
terminals in the Federal Airways System have adopted a standard 
procedure, individual differences resulting primarily from varying 
physical configurations. For illustrative purposes the "front course" 
approach to Logan Airport will be considered. 


An airplane from New York or Providence enters the terminal 
system at Franklin (35 miles out) at an altitude offour toten thous- 
and feet. If there are no planes ahead of it, it is "cleared in" and 
proceeds to the "outer marker" (5.6 miles out), dropping to an alti- 
tude of 1800 feet. Then it follows the glide path directly into the air- 
port. If there are planes ahead of it, or if planes are taking off at 
the time, the incoming plane is assigned a levelin a "stack." These 
levels are at 1000 foot intervals and are assigned in order of arrival 
in the system. Once assigned to a level in a "stack", the incoming 
plane circles at that level untila preceding plane has moved out from 
the bottom of the stack and into the airport. Then each plane in the 
"stack" descends 1000 feet and continues circling. 


There are two''stacks" on the southern approachto Logan Air- 
port. The primary "stack," located over Dedham (16 miles out), has 
levels from three toten thousand feet, the highest priority plane be- 
ing located at the lowest level. When "cleared in" by the control 
tower, this plane proceeds to the "outer marker" and from there 
straight into the airport. If all eight levels of the primary "stack" 
are filled, planes stack up in the secondary location over Franklin. 
This "stack" has seven levels from four to ten thousand feet. If all 
its "stack" levels are filled, additional planes cannot enter the sys- 
tem and are required to remain at levels above ten thousand feet or 
at more distant points. 


The actual system is more complex than the above description 
and includes a total of four approach routes. It should, however, be 
fairly evident from the description of only the "front course" that the 
simulation and evaluation of the system are quite involved matters. 


ALTERNATIVE METHOD 


A number of methods have been devised for the evaluation of 
air terminal systems. As mentioned previously, actual testing of 
systems leaves much to be desired from the standpoints of cost, 
time, andaccuracy. A morerecent approachtothe problem has been 
real time simulation. This procedure involves a large machine that 
can simulate air traffic flow situations. The results obtained from 
such simulation are reliable and accurate, but the machine is costly 
to buy and maintain. Moreover, actualruns onthe simulator require 
about twenty-five operators and permit no contraction of the time 
scale; that is, twenty-four hours would be required to simulate 


twenty-four hours of actual time. The search for rapidand inexpen- 
sive methods of airport terminal evaluation led air planners to the 
techniques of operations research. Quite recently the Monte Carlo 
method has proved tobe a successful technique for coping with their 
problem. 


THE MONTE CARLO METHOD 


The Monte Carlo method is a means of simulating data with the 
use of a random number generator. Initially the technique involves 
collecting an empirical distribution of all pertinent parameters of 
the system under consideration. Then the empirical distribution is 
expressed graphically as a cumulative frequency distribution; that 
is, the probability that the magnitude of a parameter is less than or 
equal to a given magnitude is plotted as the ordinate while admis- 
sible values of the parameter comprise the abcissa. Finallya table 
of random numbers is employed to generate decimal values of the 
cumulative probability, anda sequence of parameter occurrences is 
thus simulated. 


In the air terminal context one pertinent parameter isthe time 
required to travel from the secondary "stack" to the primary ''stack." 
In actual testing this interval would have to be measured each time. 
Using the Monte Carlo method, however, this interval need only be 
measured enough times to produce a satisfactory empirical distribu- 
tion; subsequently, the table of random numbers can be employed to 
simulate values of the interval. 


The above procedure has been followed in the present case. 
There are a fair number of parameters inthe actual situation, each 
of which is represented by an empirical distribution. These distri- 
butions are combined to form one interdependent model. A high speed 
computer then is employed to generate the random numbers required 
to produce the sequences of parameter values and complete the simu- 
lation. The evaluation of the system is made at discrete time inter- 
vals, and the behavior of critical dependent variables can be ob- 
served. 


One drawback of the Ephross model is that it cannot accommo- 
date the problems of jet traffic. As a result of the high speeds and 
increased fuel consumption of jets at low altitudes, these aircraft 
require entirely different approach and landing procedures from or- 
dinary planes. Nevertheless, this thesis amply demonstrates the 
value of the formulation of models. In the first place, the Ephross 
model can be employed to evaluate numerous alternative methods for 
coping with air congestion prior to any physical construction of ter- 
minal facilities. Secondly, the model can be used to determine the 
extent to which each of the dependent parameters contributes to the 
congestion problem. Finally, the model can be used to determine 
the manner in which the terminal system will function with increased 
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loads of traffic. Thus the results of extreme overloads can be pre- 
dicted in advance, and the appropriate facilities for coping with 
them can be constructed. 

In conclusion the Ephross thesisis an excellent demonstration 
of the usefulness and versatility of the Monte Carlo method. In the 
past the technique has been employed primarily inthe fields of phys- 
ics and mathematics. More recently applications have been made in 
the areas of the social sciences and military and industrial opera- 
tions. There is every indication that the future will witness the spread 
of the Monte Carlo technique to an ever increasing variety of appli- 
cations. 
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Book Report 


Accounting, A Management Approach, by Hill and Gordon 


The object of this text is to provide the reader with a working 
knowledge of accounting, both as a systematic approach to evalua- 
tion of the over-all performance and status of the business firm and 
as an aidto management in making decisions, planning future activ- 
ities, and maintaining operational control. As implied by the sub- 
title, ''A Management Approach", the perspective is that of the busi- 
ness administrator, the principal user of accounting data, rather 
than that of the accountant. 


Part I states and illustrates the concepts and techniques basic 
to the elaborate structure of modern accounting method. The subject 
matter of this section contains the essential elements of the conven- 
tional first course in accounting. This condensation is achieved pri- 
marily by de-emphasis of bookkeeping detail. While specifically not 
intended to promote development of technical facility, the treatment 
is inno sense superficial, and the reader learns how to account for 
the transactions and prepare the financial statements of a firm. 


Part II describes and analyzes selected problems in measure- 
ment of the performance and status of a business enterprise. The 
subject matter is therefore comparable in depth of treatment, al- 
though not in scope, to that usually found in intermediate or advanced 
texts in ''general"' accounting. Condensation is here achieved through 
choice of topics. Among those taken up are alternative bases for 
recognizing revenue, for measuring depreciation, and for valuing 
inventory. 


Part III deals withthe uses and limitations of accounting as a 
management tool in deciding courses of action, co-ordinating enter - 
prise activities, and evaluating the performance of individuals and 
groups withinthe firm. The content of these chapters is usually de- 
scribed as "cost accounting" and "budgeting."" The accounting for 
overhead costs is examined from the viewpoints of providing data 
for income determination, for product cost information in pricing 
and related purposes, and for managerial control through semi- 
variable budgets. Considerable space is devoted to the design and 
use of standard cost systems for control. Traditional topics in cost 
accounting such asmethods of cost accounting for process type op- 
erations are de-emphasized in favor of methods of qlternative cost 
analyses and the principles of comprehensive budgetary planning 
and control. 
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